: Size distributions as determined from TEM images of OA-capped α-NaYF 4 :Yb(20%),Er(2%)@CaF 2 (a), α-NaYF 4 :Yb(40%),Er(2%)@CaF 2 (b), α-NaYF 4 :Yb(60%),Er(2%)@CaF 2 (c), α-NaYF 4 :Yb(80%),Er(2%)@CaF 2 (d), and α-NaYb(98%)F 4 : Er(2%)@CaF 2 UCNPs (e) which show an average of ~26 nm diameter and corresponding TEM images of OA-capped α-NaYF 4 :Yb(20%),Er(2%)@CaF2 (f), α-NaYF 4 :Yb(40%),Er(2%)@CaF2 (g), α-NaYF 4 :Yb(60%),Er(2%)@CaF2 (h), α-NaYF 4 :Yb(80%),Er(2%)@CaF2 (i), and α-NaYbF 4 : Er(2%)@CaF2 (j). 
Figure S4:
Comparison of emission spectra and photograph (inset) of α-NaYF 4 :Yb(80%),Er(2%)@CaF 2 UCNPs (optimal red emissions) and ß-NaYF 4 :Yb(20%),Er(2%)@ ß-NaYF 4 , UCNPs (previouslyconsidered to have the best red emissions).
Figure S5:
Power dependence of α-NaYF 4 :Yb (80%),Er(2%)@CaF 2 UCNPs with a slope of 1.6, representing a two-photon process. 
Figure S8
: HeLa cell viability exposed to ALA-UCNPs (100 µg/mL) and Hyd-UCNPs (100 µg/mL) and irradiated with CW 980 nm light at a 0.5 W/cm2 power density for 40 minutes with 0, 6, and 12 mm pork tissue on top of the cells.
Figure S9
: Body mass change of mice in in vivo PDT treatment groups with UCNP and light exposure after 14 days. Legend: Black Square-Untreated tumors serving as growth controls; Blue Upwards Triangle-Tumors exposed to ALA-UCNPs and no irradiation; Red Circle-Tumors simultaneously exposed to red and NIR light at 0.5 W/cm 2 each, but no ALA-UCNPs; Magenta Downwards Triangle-Tumors exposed to ALA-UCNPs and clinically used red light; Navy Blue Left Triangle-Tumors 6mm deep exposed to ALA-UCNPs and clinically used red light; Maroon Hexagon-Tumors 12mm deep exposed to ALA-UCNPs and clinically used red light; Green Diamond-Tumors exposed to ALA-UCNPs and deep-penetrating 980 nm light; Purple Right Triangle-Tumors 6mm deep exposed to ALA-UCNPs and deep-penetrating 980 nm light; Brown Star-Tumors 12mm deep exposed to ALA_UCNPs and deep-penetrating 980 nm light. equipped with a Zetasizer Nano-ZS (He-Ne laser wavelength at 633nm) and an auto-titrator (Malvern Instruments, Malvern, UK). The absorbance for the MTT experiment and the fluorescence for DCFDA staining experiment was found using a microplate reader (Molecular Devices Co., Menlo Park, CA).
ALA concentration was monitored by HPLC (Varian ProStar) for loading efficiency data.
Synthesis of OA-capped α-NaYF 4 :Yb(X%),Er(2%)@CaF 2 : The synthesis was modified from our previous work 2 . In brief, in a three-neck reaction flask, a mixture of oleic acid (8 mmol) and 1octadecene (8 mmol) was heated to 120 °C to degas trace oxygen and water. It was subsequently heated to the thermolysis reaction temperature (310°C) under argon protection. The precursor solution for α-NaLnF 4 core was prepared by dispersing CF 3 COONa (0.5 mmol) and Ln(CF 3 COO) 3 (0.5 mmol in total) within oleic acid (5 mmol) and 1-octadecene (5 mmol), The mol-percentage of Er(CF 3 COO) 3 was fixed at 2%, while Yb(CF 3 COO) 3 was employed in 20%, 40%, 60%, 80%, 98% mol-percentage for different samples. After 10min vacuum degassing, the core precursor solution was injected into the reaction flask at a rate of 1 mL/min. Then the thermolysis reaction was kept at 310 °C for 1 h under dry argon flow.
Ca(CF 3 COO) 2 (2.000 mmol), oleic acid (5 mmol), and 1-octadecene (5 mmol) was mixed and 10min vacuum degassed to make the shell precursor solution. This solution was injected in twice with an equal volume, followed by 30 min reaction at 310 °C after each injection. The α-NaLnF 4 @CaF 2 upconversion nanoparticles (UCNPs) were precipitated by adding ethanol to the cooled reaction flask, and centrifugal washing twice with ethanol. The resulting white powders were re-dispersed in 10ml hexane for further use.
Synthesis of ß-NaYF 4 :Yb(20%),Er(2%)@ ß-NaYF 4 :
The β-NaYF 4 :Yb,Er@ ß-NaYF 4 Core-Shell UCNPs were prepared using a modified three-step thermolysis method. In the first step, the CF 3 COONa (0.5 mmol) and required Ln(CF 3 COO) 3 (0.5 mmol in total, 78%Y, 20%Yb, 2%Er) precursors were mixed with oleic acid (5 mmol), oleyl amine (5 mmol) and 1-octadecene (10 mmol) in a two-neck reaction flask. The slurry mixture was heated to 110 °C in order to form a transparent solution. This was followed by 10 minutes of degassing to remove the oxygen and water. The flask was then heated to 300 °C at a rate of 15 °C/min under dry argon flow, and remained at 300 °C for 30 minutes. The α-NaLnF 4 intermediate UCNPs were acquired by cooling down the reaction solution to room temperature, followed by centrifugation with excessive ethanol. In the second step, the α-NaYF 4 : 20%Yb, 2%Er UCNPs were re-dispersed in oleic acid (10 mmol) and 1-octadecene (10 mmol) along with CF 3 COONa (0.5 mmol) in a two-neck flask. After degassing at 110 °C for 10 minutes, the flask was heated to 325 °C at a rate of 15 °C/min under dry argon flow, and remained at 325 °C for 30 minutes. The β-NaYF 4 : 20%Yb, 2%Er
UCNPs were then centrifugally separated from the cooled reaction media and suspended in 10 mL of hexane as the stock solution for further use. In the third step, as-synthesized β-NaYF 4 : 20%Yb, 2%Er
UCNPs served as crystallization seeds for the epitaxial growth of undoped β-NaYF 4 shell. A stock
